Wound management is one of the oldest and one of the most frequent therapeutic activities in medicine. Over the centuries there has been described and tested many therapeutic substances for the treatment of wounds with various effects. Due to the discovery of antibiotics, a wound management regime used to be limited only to a local application. Over years, it has been shown, that comprehensive therapy which uses only antibacterial preparations, also may contain some negative points (resistance of aggressive pathogens, toxicity, allergic reactions, etc.). According to studies, the best solution to this problem is a local application, using preparations that ensure the sterility of the affected parts of the skin, and the utilization of agents that are able to accelerate the granulation and lead to the healing process of the wound. Products that contain beta glucan combined with a gentle but effective antiseptics (chlorhexidine digluconate), or natural substance with antiseptic and also nourishment effect (honey), are very beneficial in wound management. A good penetration of active agents, the ability to moisturize defective tissues, and to make a protective film that hinder the intersection of impurities and decrease secondary contamination, are the benefits of a gel formulation, that is the most appropriate external form of application in veterinary practice that can improve and accelerate a successful healing process of wounds in animals. 2. Bohn, J. A., BeMiller, J. N., 1995: (1→3)-b-d-Glucans as biological response modifiers: A review of structure-functional activity relationships. Carbohydr. Polym., 28, 3-14.
INTRODUCTION

Beta glucan
Beta glucans belongs to prominent immunomodulators and activators of white blood cells, especially macrophages which are able to significantly accelerate the wound healing process and its positive effect is manifested in all phases of healing. Glucans are long-chain polysaccharides. They are isolated from Saccharomyces and have an ability to improve and promote immunity which has become compro-mised mainly in the case of long term diseases [2] . In addition to the immuno-stimulatory effect, they also have antiinfective activity and positive effects on cancer and increase the body's resistance to chemical and carcinogenic agents [11, 28, 31] . Beta glucan (BG) is mainly present in yeast and other fungal organisms, and it is composed of glucose polymers that have a positive effect on: the growth of bacterial probiotic strains in the intestinal tract, improve the blood lipid profile, and stimulate cellular immunity by the limiting of various secondary immuno-deficiencies developments due to the limitation of immune cell activation [25, 37] . The application of beta-(1,3/1,6)-D-glucan activates macrophages which are able to remove disintegrated parts of cells, foreign particles and pathogenic microorganisms, that significantly stimulate the natural immune response [34] . The main mechanisms of action are: binding to the BG receptor which is found on the surface of macrophages, neutrophils, monocytes and natural killer (NK) cells, and stimulation of the natural immune response [30] . These activated macrophages have: the ability to release large amounts of active substances (lysozyme, complement components, etc.), have a bactericidal effect, involve immunomodulatory processes through the secretion of cytokines (granulocyte macrophage colony stimulating factor (GM-CSF), stimulates the growth of hematopoietic cells, interleukin-1 that is a major cytokine for T lymphocytes activation), participates in antigen presentation processes, and interleukin-2 production. Interleukin-12 promotes NK-cell activity and is involved in the anti-proliferative, immunoregulatory and antiviral action of macrophages [4, 5, 20, 29] . Other mechanisms of action of BG are including its binding ability to the complement receptor, which acts as an adhesive molecule. In addition, the effects of some β-glucans have also been anti-infective and have antibacterial activity against a broad spectrum of Gram-negative and Gram-positive bacteria [4]. Beta-(1, 3/1,6)-D-glucan has very beneficial effects in the healing of ulcerations and wounds [17, 18] . Its binding areas are also found on dermal fibroblasts, keratinocytes and have the ability to functionally modulate these cells by stimulation of macrophages that prevent many disorders. The results of studies and the practical use of BG, confirm an increased protective effect against bacterial, viral, parasitic and fungal infections in all animal categories [30] . Its use in practice generally increases the activity of the immune response, alleviating clinical signs of disease reducing the process of healing and secondary infections, improving the efficacy of causal therapy and the prognosis of healing. Beta glucan also has an adjuvant effect in enhancing the effectiveness of therapy with other drugs such as antibiotics (ATB) and increase the effectiveness of the immune response after vaccination [9] , and it has also been safe and non-toxic for animals [35] .
The effects of beta-(1,3/1,6)-D-glucan include: 
Honey
Honey is a saturated solution of sugars, composed mainly of fructose, glucose, water, minerals, vitamins, enzymes, free amino acids, polyphenols, and around 0.17-1.17 % of organic acids. Pure bee honey has antibacterial effects and the ability to moisturize the wound. Its high viscosity helps to create a protective barrier that protects against infection. Its immunomodulation and antimicrobial activity is due to the enzymatic production of hydrogen peroxide, low pH and high osmolality that can sufficiently prevent the growth of microorganisms [12, 14, 27, 38] . The antimicrobial activity of honey has been described "in vivo" conditions, by the direct application of honey to the wound, which in 3-6 days was marked by its ability to inhibit microbial growth, because sugar molecules build up water molecules and cause bacteria to have insufficient water for their growth [1] . Honey effectively delivers hydrogen peroxide which is slowly released, because the enzyme that produces it becomes active only when honey is diluted and continues to its stable production during at least 24 hours.
If honey is diluted with a buffer in the same proportion, the hydrogen peroxide concentration collected over 1 hour is about 1000 times less, than the concentration in the solu-tion of 3 % hydrogen peroxide, which is commonly used as an antiseptic. Honey also contains a relatively large amount of antioxidants that protect wound tissues from oxygen radicals that could be produced by hydrogen peroxide [7] .
Chlorhexidine digluconate
Chlorhexidine is a broad-spectrum biocidal antiseptic that is effective against fungi, gram-positive and gram-negative bacteria. It inhibits bacterial growth and also acts as . The efficacy has not been affected by the presence of body fluids such as blood [19] .
Also it is able to inhibit the adherence of microorganisms on the surface, and blocks the creation and growth of the biofilm [23] .
MATERIALS AND METHODS
According to studies focused on the use of beta glucan, pure bee honey and chlorhexidine digluconate individually in the wound management and the positive and beneficial effects of each substance, we created a gel, where all three substances together were represented and we observed in post-traumatic wound in the cat, if the treatment and time duration of the complete healing would be effective, faster and without any side effects. The gel was applied once daily throughout the process of complete wound recovery. We administered also oral suspension of beta 1,3/1,6 D-glucan in combination with ascorbic acid and zinc (Imulergan Compositum susp. a. u. v.) that was administered during all treatment periods.
CASE PRESENTATION Anamnesis
A nine-year-old cat "Lisa" had a free movement between the outside and inside of her home. During her stay outside her owners assumed that the cat was caught in a knocker and hurt. Her skin on the right front limb was totally peeled off and she was pulling the distal part of her front limb behind her. The cat was immediately brought to a veterinary clinic where she was treated. The torn joint was fixed and the remaining skin was sewed. Antibiotics were immediately administrated to the cat (Cefalexin a. u. v. inj., 50 ml) for seven days, and Metacam 0.5 mg.ml -1 given once daily to reduce the pain and to relieve the inflammation.
Later it was necessary to perform a plastic skin surgery to the patient. We provided an artificial skin replacement but the wound was damp and drippy.
Diagnosis
Post trauma necrosis of the skin and subcutaneous structures.
Treatment
After plastic skin surgery, the wound healing was very difficult. The process of healing was protracted, because the wound had to be covered and protected. According to the status of the animal, we began with an oral administration of 2 ml of beta glucan oral suspension (Imulergan Compositum susp. a. u. v.), that consisted of beta 1,3/1,6 D-glucan, and ascorbic acid and zinc, which potentiate the effect of BG. This peroral application of beta glucan was served throughout the treatment period. Also given was a topical application of gel containing beta glucan, chlorhexidine digluconate and pure bee honey to the wound once daily ( Fig. 1) , where a significant improvement after every application was observed. The enhancement was recorded after five (Fig. 2) , ten (Fig. 3) , and fifteen ( Fig. 4 ) days of gel application. After 2 weeks of treatment we examined the blood for all relevant blood parameters. The blood test parameters were in the normal range, so additional administration of antibiotics was unnecessary. The wound did not have to be covered anymore after 4 weeks of treatment. The topical application of gel continued for an additional two weeks and after 6 weeks of therapy we terminated the topical application of beta glucan containing gel because the wound was healed. Treatment was maintained ary infections after surgery [29] . Beta glucan application increases the cell immunity reaction and capacity of immune system, is safe, can be used as a supportive therapy, and can combine with other remedies and chemical substances that act synergistically. Beta glucan in prophylaxis allows the body to activate defence mechanisms which helps to relieve stress and prevent diseases [6] . It has the same mechanism of action in humans and other animals, so it can be used in pets (dogs, cats, parrots), cattle, pigs, horses, farmed freshwater and sea fish as well as other sea animals (shrimps, lobsters, crabs). Nowadays, glucan is regarded as useful due to its beneficial effects to the organism; a part of feed and nutritional supplements for improving the health of all types of domestic animals and fish [31] .
Honey has been used in the treatment of many types of wounds, including burns, traumatic, surgical, necrotizing or ulcerative injuries. In the case of burns, the treatment with honey has been more effective than other products.
Some studies have also shown that the effects of honey are as effective in the treatment of burns as silver sulfadiazine.
When comparing honey and silver sulfadiazine, it was found that in acute, partial burns, the application of honey In a comparative study between honey and hydrogen peroxide, as a single antiseptic in wound therapy, the single hydrogen peroxide had been less beneficial, although its presence in honey was used in a different way. This possibility is due to a sufficiently high concentration of hydrogen peroxide that cause the breakdown of proteins and cells in the tissues by increasing oxygen radicals, which limited the concentration of hydrogen peroxide as an antiseptic [24] .
Compared to other antimicrobial agents, chlorhexidine has been antibacterial in the case of protozoa and bacterial spores covered by the virus [3, 21] . According to several studies it was confirmed that chlorhexidine has had an ability to inhibit an adherence of microorganisms to the surface and is able to prevent formation and growth of a biofilm [36] .
CONCLUSIONS
Beta glucan has immunomodulatory and granulation effects, chlorhexidine is an effective disinfectant and antiseptic even in low concentrations, and honey nourishes the wound and creates a hyperosmotic environment that prevents bacterial growth. According to other studies and our experience we can confirm that:
1. Topical administration of beta glucan in a complex formulation in combination with other agents that potentiate its effect, makes the therapy easier and more effective (instead of a multi-stage wound treatment application the only one preparation).
2.
A disinfectant such as chlorhexidine digluconate, and pure bee honey act synergistically with beta glucan and complement its effect.
3.
Gel formulation seems to be the most suitable vehicle for animals if compared to other forms: 4. Solutions: short effect, worse penetration, 5. ointment, cream: worse application possibilities, 6. powder: dries a wound, limited indication.
7.
Beta glucan in this form has been shown to be safe and hypoallergenic, since we used it in the formulation BG isolated from Pleurotus ostreatus (Oyster mushroom) so there were no reactions or side effects observed during its administration.
8. The formulation has also hydration effects so there was no irritation or any secondary complications caused by pruritus.
9. The healing process was shortened by approximately 30 %.
The objective of this case report was to remind others, that the use of beta glucan, which has often been studied and monitored, has been a very beneficial, safe and inexpensive substance with a strong immunomodulatory and adjuvant effect providing regeneration and repair processes.
BG in combination with other components (chlorhexidine digluconate and pure bee honey) leads to significant shortening of the healing process without any application risks and unnecessary pharmacotherapeutic costs. Of course there is a need for further studies to confirm exactly the time duration and effectiveness of the treating process in other animals and case studies.
